Introduction: A monitoring and feedback tool to stimulate physical activity, consisting of an activity sensor, smartphone application (app), and website for patients and their practice nurses, has been developed: the 'It's LiFe!' tool. In this study the usability of the tool was evaluated by technology experts and end users (people with chronic obstructive pulmonary disease or type 2 diabetes, with ages from 40-70 years), to improve the user interfaces and content of the tool.
Introduction
Increased physical activity is associated with improvements in many health conditions, including cardiovascular diseases, obesity, insulin insensitivity, osteoporosis, and psychological conditions. 1,2 Therefore, guidelines recommend taking moderately intense aerobic physical activity for a minimum of 30 minutes on 5 days each week or vigorous-intensity aerobic activity for a minimum of 20 minutes on 3 days each week in order to maintain health. 3, 4 However, many people do not meet these criteria, with percentages ranging from 41% in the Netherlands to 66% and 53% in the UK and USA. [4] [5] [6] [7] It seems difficult to be sufficiently active, especially for people with a chronic disease. 8, 9 In a Dutch sample, 66% of the people with chronic obstructive pulmonary disease (COPD) who were inactive agreed that sufficient exercise should be 312 van der Weegen et al part of their daily life. Of this group, however, 44% indicated that they needed help to achieve this. 10 Also, in people with type 2 diabetes, additional support seems to be needed to motivate and activate them. 11 That is why physical activity counseling in primary health care is recommended for people with chronic diseases. However, primary health care providers need strategies to improve their ability to counsel patients effectively. 12, 13 New technologies can be applied to support health care interventions in all age groups. [14] [15] [16] In the It's LiFe! Study, we developed a tool 17 embedded in a self-management support program (SSP) that may support primary care professionals in their coaching role and patients with a chronic disease in improving their success in achieving an active lifestyle. The intervention helps to increase patients' awareness of the risks of inactivity behavior, in combination with self-monitoring of behavior, goal setting, action planning, discussing self-efficacy, and providing tailored feedback. The tool provides real-time feedback, on a smartphone application (app), about physical activity related to a personal goal. The tool also provides dialogue sessions about physical activity barriers and facilitators, a historic overview of activity behavior, and feedback messages about the results. Furthermore, the tool supports the primary care professional in accomplishing the coaching role by providing the activity data and results of dialogue sessions of their patients on a website.
The tool and SSP will only be a successful e-health intervention if they are adapted to the needs and preferences of the end users. This was achieved by following a user-centered development process. 18 An essential step in this process was a usability test. Testing for usability reduces errors, reduces the need for user training and user support, and improves acceptance by users, 19 which will probably lead to better compliance with the intervention.
The aim of the study reported in this paper was to test the usability of all parts of the It's LiFe! tool by end users (patients).
Methods
Usability is defined as, "The extent to which a product can be used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use." 20 Indicators for effectiveness, efficiency, and satisfaction are error rate, task completion time, and a satisfaction rating questionnaire. 21 In this study, usability was tested in a mixed-method approach in the following four phases:
1. a heuristic evaluation by experienced technology users and developers; 2. a usability test in a laboratory (lab) setting with end users; 3. a real-life pilot test by end users; 4. a second usability test in the lab with end users.
The medical-ethical committee of Maastricht University Medical Centre+ approved the studies.
system description and use
The It's LiFe! tool consists of three elements: 17 1. an activity sensor with Bluetooth connectivity worn on the hip, clipped on the belt; 2. a smartphone (Samsung Galaxy Ace; Samsung Electronics Co., Seoul, South Korea) with an app for mobile feedback; 3. a web client for comprehensive feedback and data entry for patient and practice nurse. Navigation through the smartphone works by swiping. For study phases 1, 2, and 4, dummy data were available on the phone and website. Three types of feedback are provided by the tool (Figure 1 ). The first feedback loop contains the real-time activity data compared to a personal goal on a widget and in the menu of the app, per hour, day, week, and month. The second feedback loop consists of dialogue sessions and feedback messages based upon the activity results. These are generated by the system and accessible from the app and the patient's website. Dialogue sessions consist of questions regarding the barriers facilitators and patients face in becoming active, preparatory questions for setting an activity goal, and advice for action planning. The third feedback loop is the feedback from the practice nurse during consultations. In these consultations, motivational interviewing, risk communication, and goal setting are used as counseling techniques. Figure 2 provides an overview of the entire intervention executed in the pilot.
Participants
For the heuristic evaluation (phase 1), six people were selected who were known for their experience with the development, evaluation, or extensive use of technology (technology experts). End users were people with COPD or type 2 diabetes, aged 40-70 years, and familiar with the Dutch language. In phases 2-4, these criteria were used to select participants. For the laboratory tests (phases 2 and 4), eleven patients were invited through an invitation letter. For the pilot in real life (phase 3), 20 patients were invited by practice nurses in two participating general practices. 
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Usability test of the it's liFe! tool study design Below, the four study phases are described in detail.
Phase 1: heuristic evaluation by experts
The heuristic evaluation was based on Nielsen's ten usability principles. 22 These principles concern, among other things, language use, error prevention, consistency, and efficiency of use. The test was performed by six technology experts. Each evaluator started by reading the manual. They were asked to write down any suggestions for improvement and thereafter to use the interface on the app twice -first to obtain a general idea about the app and then to go in depth for each screen -write down remarks, and score the ten usability heuristics on a scale from 1 (very bad) to 7 (very good). A heuristic was interpreted as violated by a score of 4 or lower. After completing the evaluation, the experts discussed their comments and scores with the researcher. The results of this phase were used to adjust the manual and develop a second prototype of the app.
Phase 2: Usability test in a laboratory setting by patients
In phase 2, a think-aloud procedure was performed by end users to evaluate the usability of the manual, app, and server.
Activity sensor Feedback 1
Real time compared with activity goal
Feedback 2
Dialogue sessions and feedback messages on app and website
Feedback 3
Practice nurse reacts based on results on web client Figure 1 The it's liFe! tool. Abbreviation: app, application. For the dialogue sessions, the researcher noted which tasks the participants completed: participants were free to complete the session from the server on the app or the website. Before the actual test, the participants completed a questionnaire that included questions regarding birth year, level of education, kind of mobile phone, and Internet use in hours per week. Participants rated the manual for comprehensiveness and readability on a scale from 1 (very bad) to 7 (very good). Then, after a short explanation, the participants individually performed seven predetermined tasks on the app and completed three to seven dialog sessions (depending on the time left). The users were asked to verbalize their thoughts while performing these tasks. Tasks were formulated in such a way as to guarantee that all functionalities of the interfaces were used and tested. All tasks are presented in Table 1 . Participants were observed by a researcher throughout their task performance. The researcher registered all users' comments during task performance, including the need for assistance, the number of errors, and expressed suggestions for improvement. The researcher also registered relevant nonverbal communication (eg, confident or confused facial expressions). In addition, participants' facial expressions, audio, on-screen activity, and keyboard/mouse input were videotaped with Morae Recorder (version 3.1.1; TechSmith Corporation, Okemos, MI, USA).
Participants valued the complexity of each task on a scale from 1 (very difficult) to 7 (very easy). Dialogue sessions were also rated for comprehensiveness and readability on a scale from 1 (very bad) to 7 (very good).
All participants completed the translated post-study system usability questionnaire (PSSUQ). The PSSUQ consists of 19 items that are rated on a 7-point scale (strongly disagree [1] to strongly agree [7] ). 23 The PSSUQ consists of an overall satisfaction scale and three subscales: system usefulness (items 1-8); information quality (items 9-15); and interface quality (items [16] [17] [18] . Higher scores indicate better usability. Missing data were interpolated by averaging the remaining domain scores. 23 One item was not included as it was not applicable for the app or for the website. The PSSUQ was completed twice, once for the app and once for the website. The prototype was adapted on the basis of the results of this test.
Phase 3: Pilot test in real life
In phase 3, usability was tested by end users in real life, which implies that the tool was used in daily life (at home, at work, etc) and embedded in primary care. A practice nurse provided the tool to the patient in a first consultation that was aimed at behavioral change. 24 Subsequently, the patients wore the tool for 2 weeks to get a baseline measurement of their physical activity. Patients received dialogue sessions on the app and website with questions about barriers and facilitators for physical activity. Every day, the results were automatically sent to the practice nurses' website. After the baseline measurement, a consultation took place in which the patient and practice nurse set an activity goal in minutes per day. Thereafter, the patients continued wearing the tool for another 10 weeks. They composed an activity plan in a dialogue session and received feedback from the tool about their performance compared with their personal goal. In a final consultation, 3 months after the start of the intervention, the practice nurse reflected on the activity results in a final consultation. Instructions on using the tool were given in a written manual and instruction movies were available on YouTube.
After each consultation, participants were interviewed about their experiences. The interviews were audio taped and transcribed. At the end of the intervention period, participants completed the Software Usability Measurement Inventory (SUMI) questionnaire. The SUMI contains 50 items that have to be answered on a 3-point Likert scale (agree, undecided, disagree). The SUMI consists of a global scale and five subscales (efficiency, affect, helpfulness, control, and learnability). 25 The subscales are all linked to questions throughout the SUMI questionnaire. Software usability is considered reasonable with scores of 50 or more on each of the scales. 26 In addition, the number of errors, technical failures, defects, and causes of the defects were collected in logbooks kept by a helpdesk and the end users, including the practice nurses.
Phase 4: Usability test in a laboratory setting by patients
After the pilot test, the prototype was further improved. To ensure that the latest adaptations did not introduce new problems, the laboratory usability test was repeated with five new end users. To measure satisfaction, Microsoft's desirability toolkit (Microsoft Corporation, Redmond, WA, USA) 27 was added to the protocol. From a list of 118 words (60% with a positive and 40% with a negative meaning), participants were first asked to mark all words they found applicable to the system (app and website separately). Second, they were asked to choose from the selected words the five that most closely matched their personal reactions to the system, and to explain their choice. 
Results

heuristic evaluation
The responses to Nielsen's heuristics indicated no major issues: all items scored on average 4 or higher. Help documentation could be improved by including information about the "back" and "on/off " buttons of the phone and not using the word "widget". According to some evaluators, the heuristic "visibility of the system status" was violated because it took too long for a session to open and there was no feedback about waiting time. Based on the results, the manual was rewritten and a new prototype was built with easier language, more consistency, other icons, extended swiping function to all screens, and an extended surface to the whole screen in the day view. The connectivity of the dialogue sessions was improved and indicators for progress and waiting time were added. There were several remarks about the term "sessions," but no better expression was found.
Usability test in lab
The new prototype was evaluated in a lab situation by four male patients and one female patient. The participants spent on average 21 hours a week on a computer. One participant had prior experience with a smartphone ( Table 2 ). The participants rated "comprehensiveness" and "readability" of the manual with an average of 4.5 and 4.8, respectively, on a scale ranging from 1 to 7 (Table 1) . Based on the suggestions for improvement, the manual was extended with more information about the general use of the smartphone. One participant doubted whether the activity sensor was robust enough.
Although most participants had no previous experience with smartphones, none of the eight tasks on the app were rated as difficult (Table 1) . Except in the case of opening the app for one person, no navigation errors were observed. The observers had to give only minor instructions about swiping and opening/returning to the app and widget. Results from the PSSUQ showed that the participants were, overall, satisfied with the usability of the app (details are presented in Figure 3 ).
Several suggestions for improvement were made during the thinking-aloud procedure. The most prominent suggestions included quicker response of the app on swiping, an always visible timescale in the hour view even when there is no activity, and better distinction between the bars in the month view. Those remarks were translated into improvements in the third prototype of the app.
The dialogue session "preparation for goal setting" was rated as the most difficult. Three out of four participants completed this task on the app. This task was a long session with different input methods per question. Based on the results of the lab tests, a recommendation was added that long and complex dialogue sessions should be completed via the website rather than via the app. These sessions were: "registration", "preparation for goal setting", and "set up an activity plan".
In relation to completing sessions on the website, it was observed that the "home" button of the website should be made more prominent, all monitoring results (results per hour, day, and week) visible on the app should also be visible on the web interface, and the intention of the "reminder" function should be more evident. Two out of three participants made errors while using this function.
Furthermore, phrases like "you must" were perceived as paternalistic and should be changed to "you may".
According to the PSSUQ (see Figure 4 ), participants were satisfied with the usability of the website. For all components of the tool, it seemed that participants with a higher education level were more critical than people with a lower education level.
All suggestions were incorporated in the next prototype of the tool, except for the suggestion to present all monitoring results via the web interface. This was not technically feasible.
Pilot test in real life
The third prototype in the pilot was evaluated in real life by eleven men and nine women, with a mean age of 60.2 years 
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Usability test of the it's liFe! tool (standard deviation 9.0 [ Table 2 ]). The data of the interviews and the log files were clustered into four themes: the sensor, data presentation, connection problems, and dialogue sessions.
Activity sensor
The participants had no difficulty wearing the activity sensor on a daily basis; however, most participants were afraid of losing the sensor. This problem was solved in the new prototype by adding a security clip with a thread that can be attached to belt loops. Two patients had to quit the pilot study because the hardware in the sensor broke, one of them because the participant accidentally put the sensor in the washing machine.
Data presentation
Most participants were positive about the tool in general. They liked to see the distance to their target goal and the course of activities over the day in the hour view. However, almost all participants had the idea that the activity results were not consistent with their experienced activity. This inconsistency had two causes: 1. A delay or failure in transmitting the activity data from the sensor to the phone. Therefore, besides the automatic transmission of data every 15 minutes, synchronization occurs when opening the activity menu and a refresh button has been added in the new prototype to actively synchronize the app with the sensor and server. 2. The activity sensor starts counting if the average acceleration per minute is approximately $3.5 km/hour and upper body movements are not captured. This was better explained in a new version of the manual and in the instruction movies. In addition, the practice nurse will have the ability to lower the threshold to 2 or 3 km/hour if participants are not able to reach the threshold noted above. There were almost no comments on the usability of the app. In the day view, the word "moderate" was changed to "active" and "intense" to "active plus", since the word 
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van der Weegen et al "moderate" was viewed as not encouraging. Furthermore, people were puzzled about the registered activity at 6 am, which seemed to be the summed activity and noise from midnight till 6 am. This has been solved by adding an "N" for night activity and raising the lowest threshold to separate noise from activity.
connection problems
In order to make a connection between the phone and the server, participants had to log in on the phone once at the start of the intervention. Seven participants forgot to log in or did not manage to complete the task because they were not able to type in their correct user name and log-in on the phone. Based upon this, the registration session has been extended with a task to log in and an instruction on how to do this. Furthermore, the manual has been extended.
Seven patients complained that automatic data transfer from sensor to phone (which should occur every 15 minutes) did not work properly. It appeared that they had erroneously deactivated the smartphone's data connection. In addition, sometimes the Bluetooth connection failed because the sensor was out of range of the phone.
Due to the sleep mode of the phone and incorrect timings of data transmission, the connection between the phone and the server failed frequently, which meant that the patients and practice nurse did not see results on the website. This also meant that only two participants received more than one feedback message, since these messages depend on goal achievement and, therefore, the forwarded activity data.
Dialogue sessions
The participants did not give detailed feedback on the content of the sessions; however, the following suggestions for improvements were revealed. Participants were confused about the difference between the diary sessions and the "remarks of today" and, in their view, there were too many sessions. In response, the sessions were renamed, the session "remarks of today" was no longer announced by email, the diary sessions were offered less often, and some text fields were enlarged. Based upon these results, all errors were solved in a new prototype and the help documentation was extended, the manual and instruction movies were adapted, and all comments about ambiguities were merged in a "frequently asked questions" file.
The SUMI questionnaires of 14 participants were analyzed (four did not fill out the questionnaire and two had more than four missing values). The results are presented in Figure 5 . The score of 50 on the global scale indicates that satisfaction with the It's LiFe! tool is reasonable. The efficiency, helpfulness, control, and learnability could be improved. The only sub-score above average is "affect", which indicates that the users liked the interfaces and the idea of the tool.
Usability test in lab
The fourth prototype was evaluated by three men and two women, with a mean age of 58.6 years (standard deviation 7.8), in a lab situation. Only one participant had experience with a smartphone. 
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Usability test of the it's liFe! tool
The comprehensiveness and readability of the manual had clearly improved compared to the first usability test in the lab (phase 1), as is shown in Table 1 . During the thinkingaloud procedure, the main suggestion made was to replace technical or English terms in the manual with easier terms or Dutch language.
All tasks on the app were scored as less or equally complex compared to the first lab test, few errors were observed, and difficulties were only faced with opening the app menu and the understanding of the terms "active" and "active +" for moderate and intense activities, respectively. According to the scores on the PSSUQ, user satisfaction with the usability of the app had also improved, as shown in Figure 3 . During the thinking-aloud procedure, no suggestions for improvement were made regarding the app.
The "registration session," which was rated as the easiest session in the first lab test, was now rated the most difficult session (Table 1 ). This could be explained by the fact that this session was extended with a procedure to prevent people from not logging in (one of the major issues in the real-life test). As a result, the "registration session" had become more complex: due to the small keyboard on the phone, typing errors were made and the backspace and symbol buttons were hard to find. In the final prototype, the procedure for logging in on the phone is explained extensively in the registration session and an instruction movie for this session has been made available.
Based upon the results of the thinking-aloud procedure during completion of the dialogue sessions on the website, some text was adapted, the activity plan could be filled in twice, the structure of the "compose activity plan" was changed, and the number of questions was lowered. Results from the PSSUQ (Figure 4) show that satisfaction with the usability of the website improved compared to the earlier version of the prototype used in phase 1.
The participants rated the desirability of the app and website positively. To describe the app, three participants chose the phrase "easy to use" and two participants chose the words "motivating", "usable", "understandable", "useful", "suitable", and "accessible". The only chosen word that could be interpreted as negative was "business-like". Concerning the website, "accessible" was chosen three times and "clear", "interesting", "understandable", and "stimulating" were chosen by two participants (Tables 3 and 4) . Again, people with higher education levels tended to be more critical. Figure 6 shows the final interfaces of the app.
Discussion
In response to the heuristic evaluation and tests in the laboratory and in real life, a new prototype of the It's LiFe! tool was developed. The usability of the tool improved during the study. The interface of the app needed relatively small adaptations. Most adaptations were made to the dialogue sessions on the phone involving the keyboard. In addition, connectivity problems were identified and solved.
The combination of laboratory and real-life tests, and the combination of "expert-based" and "user-based" usability tests, revealed a wide range of usability issues. 19 The heuristic evaluation and the thinking-aloud procedure in the laboratory After the first test in the lab, usability was considered as good. The real-life test, however, revealed a whole different range of usability problems, and satisfaction with the It's LiFe! tool was low according to the SUMI results. This low appraisal was a logical consequence of the connectivity problems that occurred during the pilot. The high score on "affect" indicates that satisfaction with the interfaces and the idea of the tool was high, which is most likely due to the involvement of end users in the development process of the tool, the prior usability test in the laboratory, or because the participants liked the concept of the tool very much. It is possible that usability was rated more positive in the lab tests and in the interviews during the real-life test compared to the SUMI questionnaire because of social desirability bias. In other fields, it is observed that socially desirable answers are given more often in face-toface interviews. 29, 30 People in our lab tests may have wanted to prove that they had the capabilities necessary to use the system or wanted to satisfy the researcher. 31 All results should be considered with caution because of the small sample size. Nevertheless, it is known that tests with five participants are able to uncover 85% of usability issues. This number of evaluators is stated to be a good tradeoff between completeness and investment. 32, 33 Therefore, we think most usability issues have been revealed. This study shows the importance of a mixed-method approach, since different issues were revealed in the lab compared to the real-life test. The interfaces can be very effective, efficient, and desirable in a lab situation, but if communication fails between different components of the tool in a real-life situation, satisfaction will be low.
Almost all technical errors and suggestions for improvement have been incorporated in the newest version of the It's LiFe! tool. A crucial aspect that could not be handled is the need to log in on the phone in order to make a connection between the phone and the server. This is because privacy must be respected in all cases. Hopefully, the guidance provided by the instruction movie added to the registration session will be sufficient in further use. Furthermore, a hip-worn activity sensor has well-known restrictions, such as not capturing upper body movements. During the development process, the addition of another physiological measure was considered; however, this does not significantly improve the assessment of energy expenditure and reduces wearing comfort. 34 The effectiveness of the tool in combination with the SSP on physical activity level (exercise) will be tested in a randomized controlled trial. and especially the patient representatives, Jos Donkers and Ina van Opstal, for their remarks during the research meetings. Thanks to Trudy van der Weijden for her advice during the development process and Science Vision for the adaptations of the pictures.
